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Worldwide, scions of Vitis vinifera L. are grafted either onto rootstocks of American species of the genus Vitis L. or onto their interspecific hybrids of, which are primarily planted in modern vineyards (Weaver 1976) . The selection and use of suitable rootstocks may help to solve problems caused by unsuitable soil and weather conditions; besides, it also enables to improve the system and measures of plant protection. In viticulture, the rootstock shows a general influence on both vegetative growth and reproductive parameters of plants. Rootstocks also directly influence yields of grafted varieties (Vršič & Vodovnik 2012) . Kidman et al. (2014) reported that the rootstock influenced not only colour and weight of berries but also concentrations of sugars, acids and mineral substances (Kidman et al. 2014) . Wine minerality is influenced more by the rootstock than by weather and/or soil conditions (van Leeuwen et al. 2004) . When speaking about rootstocks, this effect is dependent on the ratio existing between the leaf area of the plant and its yield. The balanced uptake of nutrients and water as well as the re-distribution of individual elements within the grapevine plant are closely related to changes in the phenology of plants and it is well known that these processes are significantly influenced by rootstocks (Pulko et al. 2012) . Resistance to yearly different conditions will be paid great attention with respect to the balanced quality of grapes. Growers generally agree that this is one of the possible ways how to control the quality of produced grapes (John 2012) . When establishing a new vineyard, an appropriate rootstock and scion combination represents one of the first important steps on the way to success. In these experiments,
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Jiří TéThal 1 Food Technology and Economy, Engineering and Physical Properties doi: 10.17221/159/2015-CJFS attention paid to a wide spectrum of qualitative parameters of grapes enables to get a better understanding of relationships existing between the rootstock and the variety. This means that it is possible to recommend suitable combinations that would improve the quality of production not only from a limited viewpoint of sugar and acid concentrations in berries but also of grapes as a raw material with a complex of parameters that contribute to the final quality of grapes that, eventually, influences also the quality of produced wine (Keller et al. 2012) .
MAtERiAl And MEthods
Vineyard characteristics. Grapes used for individual analyses were harvested in an experimental vineyard of the Mendelianum experimental station in Lednice na Moravě, Czech Republic. The elevation of this locality is 176 m and the region is characterised as dry, warm and with mild winters. The vineyard was planted in an open locality, mostly flat, slightly sloped and with enough solar radiation, facing to the north-east. The soil is characterised as loamy-sandy with 20-24% of clayey particles.
Experimental design. The Cerason variety was grafted onto seven different rootstocks (125 AA, Amos, Börner, CR2, K5BB, K1SO4, T5C). Vines were planted in 2005. They are pruned as plants of medium height and with one cane, each 8 to 10 buds. The spacing of grapevine plants is 1 m (in the row) and 2.2 m (between rows).
Description of the Cerason variety (synonym Mi-5-100). Cerason is a Czech variety that resulted from the crossing of Merlan (Merlot × Seibel 13 666) × Fratava (Blaufrankisch × St. Laurent). This variety shows a medium to vigorous growth and the annual shoots are robust and well matured. Leaves are dense and there are many lateral shoots on plants. The dates of bud burst and flowering are medium to early and grapes are mature in the first half of October. This interspecific hybrid shows a relatively good resistance to fungal diseases. Its resistance to mould diseases (above all to grey mould) is slightly reduced. Yields are slightly higher (10-15 t/ha), the sugar concentration in juice ranges from 18 kg to 20 kg of natural sugars in 100 l of juice (i.e. 18 °NM to 20 °NM) and the concentration of acids ranges from 8 g/l to 10.5 g/l.
Rootstocks. Altogether 7 different rootstock varieties were tested, all of them are routinely used in the viticultural practice. Two of them (K 5BB, Börner) are very vigorous, two are moderately vigorous (K 125AA, CR2), and the vigour of the remaining three (Amos, K1SO4, and T5C) is weak.
Samplings. Samples of grapes were collected in regular 7-day intervals within the period beginning on August 29 and ending on October 10, 2011. The sampling dates were as follows: 29 Aug; 5 Sept; 12 Sept; 19 Sept; 26 Sept; 3 Oct, and 10 Oct. In the experimental vineyard, an average sample of berries used for analyses was collected on 5 plants from different parts of bunches from different side of the row. Each sample consisted of 200 berries. Collected berries were transported in plastic bags to a laboratory where they were immediately crushed, with no maceration, and had to be analysed in the laboratory always on the day of sampling. The measurements were carried out in triplicate.
Estimation of sugar and organic acid concentrations. Contents were estimated by the HPLC method with the ion exclusion (Shimadzu LC-10A with a column thermostat CTO-10ACvp; the temperature of the column space was pre-set to 60°C). The separation took place under conditions of an isocratic regime with the mobile phase 2 mM of sulphuric acid (flow rate 0.75 ml/min) in the column Watrex Polymer IEX 10 μm H form; 250 × 8 mm with a pre-column 10 × 8 mm. The detection was performed by means of a DAD detector SPD-MAvp. The concentrations of sugars and organic acids were estimated at wavelengths 190 nm and 210 nm, respectively.
Estimation of pH and of total titratable acids. The estimation of pH value in undiluted samples was performed in the WTW pH 526 pH meter combined with the SenTix 21 pH electrode (Fisher Scientific, Pardubice, Czech Republic).
To estimate the concentration of total acids in the must, 10 ml of the tested sample were mixed with 10 ml of distilled water and the beaker with the sample was placed into an automatic titrator Titroline Easy (Germany) with a combined electrode. The sample was thereafter titrated with NaOH (doses of 0.1 M) until the equivalence point was reached (usually at pH values about 7).
Estimation of yeast assimilable nitrogen (YAN).
Amounts of YAN were estimated by formol titration in the automatic titrator TitroLine Easy (Schott Instruments GmbH, Mainz, Germany). A sample of 0.1 mol/l solution of NaOH with the known factor was used as the titration agent. A volume of 10 ml of the sample was diluted with 10 ml of distilled water. For the estimation of titratable acids, the pH value was increased by additions of 0.1 mol/l of NaOH solution to 8.1. Thereafter, 10 ml of an aqueous (36-38%) formaldehyde solution (with pH 8.1) and the moisture were titrated again up to pH 8.1. After the end of titration, the total consumption of NaOH (in ml) was read on the titrator display (to the nearest two decimal places). This value was multiplied by the factor of NaOH solution and by the coefficient 140 and the concentration of YAN in the sample was calculated in mg/l.
REsults And disCussion
In this study, effects of 7 different rootstocks on the red wine variety Cerason were evaluated. The Changes in the sugar concentration observed within the period from August 29 to October 10, 2011 are presented in Figure 1 and Table 1 . On the harvest day, the highest sugar concentration (23.22 °NM) was found in the K 125AA rootstock. In this experimental variant, values of the slope and of the initial concentration of sugars were 1.15 and 16.35 °NM, respectively, so that it could be concluded that in this case the process of grape ripening was the fastest. The lowest concentration of sugars was recorded in the combination with the T5C rootstock (22.26 °NM). In this experimental variant, the initial concentration of sugars was high (16.91 °NM) while the increase in the concentration of sugars was small (the difference was only 5.36). The highest rate of berry ripening was recorded in the experimental variant with the CR2 rootstock (the initial concentration of sugars was 15.31 °NM; at the moment of harvest, its value was as high as 22.89 °NM). The slope value was 1.26.
The sugar concentration in berries is a very important parameter because it predetermines the potential concentration of alcohol in wine (Conde et al. 2007; Perestrelo et al. 2014) . In red varieties used for making red wine, the concentration of sugars should be higher because it guarantees also a higher concentration of alcohol. Traditionally, the winemakers strive to reach the maximum possible concentration of soluble substances and consider it to be an indicator of ripeness and quality of young wine (Palliotti et al. 2014) . Today, however, it is required to know not only residual sugar (RS) but also other parameters because too high values of RS may disturb the aromatic profile of wine or cause the degradation of pigments (Mori et al. 2007 ). Keller (2010) reported a sudden loss of acidity and/or a steep pH increase.
Berries were smaller in weaker rootstocks. Initially, the sugar concentration was higher but later on, in the period of rainy weather, their size and weight increased due to the intake of water; however, this intake of water resulted in a decrease in the sugar concentration. This Time interval Food Sci., 33, 2015 (6): 570-579 doi: 10.17221/159/2015-CJFS negative phenomenon was observed in 2011, when there were intensive rainfalls in the course of autumn.
In hot weather, however, the situation may be quite opposite and the berries may shrink and lose up to 10% of weight so that the sugar concentration may increase by as much as 2 °Bx (Liu et al. 2011) Evaluation of the concentration of total acids. In the stage of veraison, the highest concentrations of acids were recorded in experimental variants with rootstocks K5BB (14.07 g/l) and K1SO4 (13.65 g/l). The lowest initial (12.26 g/l) and final (8.57 g/l) concentrations of total acids were found out in the experimental variant with the Amos rootstock. The highest dynamics of the decrease in the concentration of total acids was recorded in the experimental variant with the K5BB rootstock; in this case values of the difference between the initial and the final concentration of total acids and of the gradient were 4.96 and 0.83, respectively. The lowest dynamics of these changes was found out in the experimental variant with the Amos rootstock (3.71) (Figure 2 and Table 2 ).
In wine, the most important acids are tartaric, malic, and lactic acid; smaller amounts of succinic, citric, and acetic acid are also significant. In grapes, the concentration of total acids usually ranges from 7 g/l to 10 g/l. However, the interactions between and the ratios of individual acids are more important than this concentration of total acids. On the one hand, the juice density increases with the increasing concentration of sugars while the concentration of acids decreases. This means that the ratio between the sugar concentration (i.e. refractometric dry matter) and the titratable acidity increases (Río Segade et al. 2013) . Cerason is a variety that contains greater amounts of acids and for that reason it is necessary to harvest grapes in an optimum stage of ripeness and with the possibly lowest concentration of acids.
Evaluation of the concentration of tartaric acid. Changes in concentrations of tartaric acid that occurred during the process of berry ripening are presented in Figure 3 . At the beginning of the study period, the highest concentration was recorded in 11.02 g/l). However, it was only 7.47 g/l toward its end.
As one can see in Table 3 , this was the lowest value of all, so that it can be concluded that this rootstockscion combination showed the highest dynamics of changes in acid concentrations. This rootstock showed the highest dynamics of the decrease (with a difference -3.55). The CR2 rootstock showed the lowest dynamics of changes in the concentration of tartaric acid: the measured value was four times lower than that recorded in the experimental variant with the T5C rootstock. In this experimental variant the slope value was only -0.9. In the final stage of ripening, the concentration of tartaric acid was the highest just in this experimental variant (i.e. 8.95 g/l). The air temperature plays an important role in the synthesis of individual acids. An intensive synthesis takes place at temperatures of 20-25°C and for that reason the berries ripening under conditions of a cool climate show an increased concentration of acids (above all of malic acid) (Dokoozlian 2000) .
Tartaric acid is one of the most important acids in wine. During the process of grape ripening, its concentration is decreasing but these changes are not as fast as the degradation of malic acid. The concentration of tartaric acid decreased during the period of ripening (Dokoozlian 2000) . This decrease was obviously caused by an increase in the volume of berries. As far as the taste of produced wine was concerned, tartaric acid was more desirable, above all because its taste was finer than that of malic acid.
Evaluation of the concentration of malic acid. The dynamics of changes in the concentration of malic acid is illustrated in Figure 4 . The highest dynamics was found out in the experimental variant with the K5BB rootstock; in this case the slope was -0.62. The highest initial and the lowest final value were 6.00 and 2.27 g/l, respectively. The lowest dynamics of these changes was observed in the experimental variant with the Amos rootstock (-0.36) . In this experimental variant, also the lowest initial concentration of malic acid was recorded (Table 4 ). The highest concentration of Malic acid (g/l) Food Sci., 33, 2015 (6): 570-579 doi: 10.17221/159/2015-CJFS malic acid (3.05 g/l) was recorded in the experimental variant with the T5C rootstock. Malic acid is an organic acid responsible for the "green taste" of grapes and wine; its taste is sharp, coarse and with immature tones. In case that its concentration is very low, the wine is markedly flat, dull and characterless. During the process of ripening, the concentration of this acid markedly decreases. Higher concentrations of malic acid in wines (especially in reds) can be reduced by biological degradation.
Evaluation of the YAN concentration. The highest concentration of YAN was found out in juice made of berries produced in the experimental variant with the T5C rootstock (292.53 mg/l). Although this rootstock showed the highest values already at the beginning of the experiment, its dynamics of growth was the highest at all (35.25). A relatively high final concentration of YAN (248.26 mg/l) was found out also in the experimental variant with the Amos rootstock. However, the lowest dynamics of changes in the concentration of YAN was recorded in the experimental variant with the Börner rootstock. These results are shown in Table 5 and in Figure 5 .
In the domain of oenology, the YAN concentration (i.e. that of free amino acids and ammonium ions) belongs to the most important parameters. The minimum concentration of YAN should be 140 mg/l (Vilanova et al. 2007 ). The concentration of YAN plays an important role in the course of alcoholic fermentation because it is indispensable for the propagation and growth of yeasts; it also supports the synthesis of aromatic compounds. According to Dokoozlian (2000) , the concentration of amino acids is different and depends not only on the variety but also on the degree of ripeness. Proline and arginine are the most important free amino acids. In berries of cv. Thompson Seedless the concentration of arginine ranged from 300 to 800 mg/l. The β-ratio. As shown in Figure 6 and Table 6 , values of the β-ratio ranged from 1.71 to 2.56 at the beginning of berry ripening. At harvest, values of the β-ratio ranged between 2.30 and 3.14. The T5C rootstock produced grapes containing higher amounts of malic acid. In this experimental variant, the β-ratio was 2.30. In this experimental variant, the dynamics of changes was the slowest of all (the difference between the initial and the final value was 0.24 and the slope value was only 0.04). On the other hand, the highest dynamics was recorded in three experimental variants (Börner, K5BB, K1SO4); in these experimental variants the slope was 0.21. Table 6 shows a low correlation coefficient in B and G row. From the graph we can see that it is caused by the uneven distribution of values along the regression line. This distribution could be caused by variations in β-ratio, i.e. in the content of tartaric acid and malic acid during the ripening of grapes. The weather immediately before the collection of samples could have a large influence in this case.
The term β-ratio expresses the ratio existing between tartaric acid and malic acid; this parameter indicates the degree of ripeness. In ripe grapes the concentration of tartaric acid is high while that of malic acid is low. This means that the β-ratio shows an increasing trend during the growing season. The higher the value of β-ratio, the higher the concentration of tartaric acid and the better (i.e. finer) also the taste of produced wine (Fujishima et al. 2005) .
Evaluation of pH. In all experimental variants, the pH values showed an upward trend. This was associated with the decreasing concentration of acids. At the beginning, the lowest pH was recorded in the experimental variant with the Börner rootstock (2.87). However, the highest pH at harvest was found out in the experimental variant with the T5C rootstock (3.67). In this case, also the highest dynamics of growth was recorded (0.12). As far as the other rootstocks were concerned, their final values were nearly comparable. At harvest, the lowest pH value (i.e. 3.34) was recorded in the experimental variant with the K125AA rootstock ( Figure 7 and Table 7) . This is an important parameter that enables to assess the degree of grape ripeness. In juices used for making young wine, pH values ranged from 3 and 4. In Figure 6 . Values of β-ratio, as recorded in berries during the experimental period
Time interval Czech J. Food Sci., 33, 2015 (6): 570-579 doi: 10.17221/159/2015-CJFS the course of the ripening process, pH values slightly increased. The optimum values were between 3.1 and 3.3. If the pH values exceeded the limit of 3.5, the risk of a high activity of microorganisms (above all bacteria and yeasts) increased as well. The predisposition of juices and young wine to production of volatile acids and to the occurrence of some wine diseases and other faults was higher. At increased pH values, the efficiency of sulphur dioxide decreased and the oxidation of juice and young wine was accelerated.
ConClusions
This study deals with the suitability of different rootstocks in relation to grafted scions of the Cerason variety. For the given climatic conditions, the best rootstock was selected on the basis of both qualitative and quantitative parameters. From the technological point of view, concentrations of sugars and of malic acid are the most important parameters because they determine the basic character of wine. As far as not only these but also other qualitative parameters were concerned, rootstocks K125AA and K5BB were always evaluated among the best ones. However, some differences between rootstocks under study were very small and in some cases they were even insignificant.
It can be concluded that soil and climatic conditions play a principal role. For that reason, the relevance of this study should be related only to given localities and years (vintages). Experiments can contribute to the development of a methodology of evaluation of suitable rootstocks.
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